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Voucher specimens in museums are the founda¬ 
tion of our understanding of systematics, biodiversity, 
evolutionary genetics, bio geography, ecology, etc. 
Today, many economic, political, and scientifically im¬ 
portant decisions are made based on the synthesis of 
knowledge of biological organisms and associated 
biocomplexity. Therefore, the identification of voucher 
specimens and, subsequently, the conclusions drawn 
from knowledge based on these specimens is critical 
to many aspects of society. 

Classically, identification of voucher specimens 
was verified and maintained through the efforts of 
specialists for a given taxonomic group or geographic 
region. Changes in nomenclature, taxonomic status, 
and geographic distribution or regional status were 
determined by the specialist and easily updated in the 
museum collection. The constant addition of speci¬ 
mens over time has produced museum collections of 
remarkable sizes. As these collections increased in size, 
curation of collections, maintenance of taxonomic or¬ 
der, and the ability to choose or develop museum com¬ 
puter databases have proven to be challenging and la¬ 
bor intensive (Sarasan, 1981; Sarasan and Neuner, 
1983; Monk, 1996; Monk, 1997). The classical ‘hands- 
on* approach has been taxed by the size of collections 
and the ever-decreasing number of qualified specialist 
in a given field or discipline. For example, a recent 


survey of mammal collections in the Western Hemi¬ 
sphere indicates 17% or approximately 58 collections 
consist of 10,000 or more specimens (Hafner et ah, 
1997). Additionally, at Texas Tech University a Recent 
mammal collection was initiated in the early 1960’s, 
contained 5000 specimens in 1967, and today includes 
over 80,000 voucher specimens making the manage¬ 
ment of this collection a complex task. 

The development of computers and computa¬ 
tional technology since the 1960’s has provided a means 
for better management of large sources of data. In¬ 
creased memory, data storage, software, manipula¬ 
tion, retrieval, analysis capabilities, and archival qual¬ 
ity printing capabilities have substantially improved since 
the initial development of the computer (DeMers, 2000). 
Collection of digital environmental data through aerial 
photographs, satellite imagery, global positioning sys¬ 
tems (GPS), and geographic information systems (G1S) 
has provided a means to assess issues of biocomplexity 
that previously were difficult or impossible (Baker et 
ah, 1998; Parker et aL, 1998). In addition, recent tech¬ 
nological advances not only provide a means to store 
and manipulate large data sets, but permit new insights 
into potential ecological and taxonomic variation for 
voucher specimens and thereby provide a means to 
identify possible problems associated with some 
voucher specimens. 
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At Texas Tech University, comparison of docu¬ 
mented distributions of Texas mammal species (Davis 
and Schmidly, 1994) with maps representing distribu¬ 
tions created from habitat associations and known 
collection localities (Allen, 2000) resulted in the identi¬ 
fication of several voucher specimens that were either 
possibly misidentified, represented significant range 
extensions (Figs, la, lb, lc), or required nomencla¬ 
ture changes. Several possibilities could result in the 
observed mismatches of the known collection locali¬ 
ties. A full summary of these possibilities is given by 
Allen (2000), but can be narrowed to (1) the expan¬ 
sion of a species’ range extent, (2) a limitation of the 
digital data resolution or scale, (3) temporal changes 


in habitat, (4) a nomenclature change, and (5) the 
misidentification of specimens. In this paper, the 
misidentification of voucher specimens refers to the 
assignment of an incorrect taxonomic name for a 
voucher specimen within the museum archive. This 
maybe the product of misidentification of the voucher 
specimen or an error due to data handling (Monk, 
1997). In this study, we examined voucher speci¬ 
mens for which there appeared to be a mismatch with 
either the documented range, predicted habitat, or ac¬ 
tual specimen locality to explore which possibilities 
accounted for the apparent inconstancies observed in 
the data sets. 


Methods 


Geographic coordinates were assigned to all 
mammalian voucher specimens collected in Texas and 
housed within the Natural Science Research Labora¬ 
tory (NSRL), Museum of Texas Tech University. 
Coordinates were assigned using a computer algorithm 
that determines the Universal Transverse Mercator 
(UTM) coordinate based upon the traditional descrip¬ 
tor location (Knyazhnitskiy et al., 2000). Assignment 
of UTM coordinates to voucher specimen localities 
provided a geographic location for that voucher speci¬ 
men that could be easily translated by a GIS. 

Maps illustrating predicted habitat for 127 na¬ 
tive, terrestrial mammals were acquired from the Texas 
GAP Analysis Program. Predictive habitat maps were 
generated with the use of a database of known habitat 
associations for each mammalian species (Figs, l.b 
and l.c). A GIS was used to query predictive habitat 
from digital data sets consisting of vegetation, soils, 
hydrography, and documented range extents (Fig. 1 .a). 


Predicted habitat for each mammal was modeled us¬ 
ing two methods. The first method modeled associ¬ 
ated habitat throughout the state and reflects possible 
breeding habitat (Fig. l.b). The second model indi¬ 
cates predicted habitat restricted within the documented 
range extent (Fig. l.c). 

Once the voucher specimen data were geocoded, 
they were input into a GIS and combined with digital 
data consisting of documented range and predicted 
habitat maps for 127 species of mammals from Texas. 
A map of each species’ range, predicted habitat, and 
respective voucher specimens was produced and vi¬ 
sually examined for apparent mismatches (Figs. 2.a, 
2.b, 2.c), When localities did not match either the 
documented range extent or the predicted habitat, the 
voucher specimen was examined by mammalogists 
for specific identification, or was identified as a no¬ 
menclature change resulting in modification begin made 
to the digital data set using a GIS. 


Results and Discussion 


Approximately 30,000 specimens were plotted 
in association with their respective species’ docu¬ 
mented range extent and predicted habitat. Of these, 
1073 (3.6%) voucher specimen records did not cor¬ 
respond with their respective documented range or 
predicted habitat. As a result, 221 voucher specimens 
were examined by mammalogists and 290 specimen 
records were examined using a GIS. In addition, 527 


records of Perognathus flavus were recognized as 
mismatches with the documented range extent. How¬ 
ever, these could not be verified at this time due to the 
complicated nature of the Perognathus complex. An 
additional 35 specimens were unaccounted for because 
either they were missing, had been deaccessioned, or 
were not pulled because it was obvious the mismatch 
resulted from a database error. After verification, 332 
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following Texas GAP Analysis Project. 


Figure L Predicted habitat models for Peromyscus truei model. Models were created using a Geographic 
Information System and reflect (a) the documented range extent as published in Davis and Schmidly (1994), (b) 
predicted habitat occuring throughout the state and (c) predicted habitat restricted by the documented range 
extents, 
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Figure 2. Illustration of mismatches observed between voucher specimen localities and their representative 
documented range extents for (a) Peromyscus truei, (b) Geomys bursarius, and (c ) Perognathus flavus. Shaded 
regions represent the documented range extents digitized from Davis and Schmidly (1994). 
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(31%) of the voucher specimen records initially idem 
tified as possible mismatches and comprising 20 spe¬ 
cies, 10 genera, and 5 families were found to be incor¬ 
rectly identified to species or required nomenclature 
changes. Of these 332 specimens records, 313 (94%) 
required changes in nomenclature whereas 20 (6%) 
were the result of misassignment upon cataloguing. 
Examples of voucher specimens misidentified as a re¬ 
sult of changes in nomenclature include Dipodomys 
ordii , Peromyscus aUwateri, Peromyscus difficilis, 
Peromyscus boy Hi, and Peromyscus nasutus, and the 
Geomys complex. Examples of voucher specimens 
misidentified upon initial cataloguing include Tayassu 
tajacu , Myotis volans , Lasiurus ega , and 
R eithro don tomys fu Ivescens, 

Two special cases of extensive mismatch of spe¬ 
cific assignment of voucher specimens in the museum 
database and the ecological/geographic range involved 
the Geomys bursarius complex (Fig, 1 .b) and the 
Perognathus flavus complex (Fig. l.c). Both of these 
involved a substantial number of voucher specimens, 
Geomys complex, 290 records, and P flavus , 527 
records. The problem associated with Geomys resulted 
from specimens previously recognized as a single 
morphologically highly variable species (Hall, 198!) 
being subdivided into six different species ( G attwateri, 
G breviceps, G bursarius , G knoxjonesU G. personatus, 
and G. texensis ) (Baker et ah, 1989; Block and 
Zimmerman, 1991; Bradley, et al, 3 1991; Honeycutt 
and Schmidly, 1979; Tucker and Schmidly, 1981). Taxa 
within the genus Geomys exhibit allopatrie distribu¬ 
tion. Due to a lack of concensus regarding taxonomic 
arrangements, the museum database had not been up¬ 
dated. In addition to the specimens of G. bursarius 
being misidentified due to nomenclature changes, sev¬ 
eral specimens were found to be misidentified based 
upon the geographic location of the collection locality. 
Revisions of the museum database were based on the 
published ranges recognized in the above-cited papers 
and in The Mammals of Texas (Davis and Schmidly, 
1994). 

The problem with the Perognathus flavus com¬ 
plex is more difficult because this species complex 
involves two sibling (cryptic) species (P flavus and 
R merriami) that are often difficult to distinguish based 
on traditional skin and skull characteristics (Lee and 
Engstrom, 1991). Based upon kaiyology and biochemi¬ 


cal methods, R flavus and P. merriami have been docu¬ 
mented to be reproductively isolated but karyologieal 
and biochemical data are not available for all museum 
specimens. The proper assignment of voucher speci¬ 
mens must await more detailed studies of the museum 
specimens and the development of morphological 
methods of species identification. At present, it seems 
best to recognize that in the P. flavus/merriami com¬ 
plex “specific" assignments in this complex are tenu¬ 
ous unless biochemical or chromosome data are avail¬ 
able and that ecological and other conclusions based 
on these specimens will need to be viewed in light of 
this situation. 

The methods employed in this study assisted the 
curators by increasing accuracy of the museum data¬ 
base. The methods are limited, however, in that they 
only identify ecological or geographical outliers. Speci¬ 
mens from the assigned geographic and ecologic ranges 
also may be misidentified. These misidentifications 
cannot be recognized using die methodology described 
in this paper because the voucher specimens appear to 
occur within the appropriate geographic or ecological 
range. Nonetheless, the methods employed here can 
be added to those available to museum curators to 
strengthen the accuracy of museum databases. 

In addition, the authors believe this method pro¬ 
vides a rapid, cost-effective means for the non-spe¬ 
cialist to identify potential problems. A non-specialist 
here refers to someone that is not capable ol verifying 
the vouchers species for determining the accuracy of 
a museum’s database. Obviously this method requires 
museums to have already converted descriptor loca¬ 
tions of each voucher specimen to some format that is 
acceptable for a GIS. The conversion of a descriptor 
locality to one that can be interpreted by a GIS can 
indeed be very costly and time consuming to a mu¬ 
seum. In this situation, the non-specialist would have 
to assume the museum’s specimens are correctly iden¬ 
tified and reflect current nomenclature status. How¬ 
ever, if the conversion to digital data already has been 
made and the location of voucher specimens is known 
by the museum, the comparison of documented range 
extents with voucher locations is easily done using an 
algorithm that automates the process ol mapping the 
documented range extent with the geographic location 
of voucher specimens. Visual identification of mis¬ 
matches can then be completed in a matter of hours. 
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The authors would like to stress that the appli¬ 
cation of GIS is no substitute for a knowledgeable 
specialist, a workable key, and an accurate range map 
for the purpose of identifying specimens. The strength 


of any set of data is a function of the collector and the 
means of processing the data. Any identified mismatches 
using the methods outlined in this paper should be fur¬ 
ther addressed by a taxonomic specialist 
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